Winsor, G.W., J.N. Davies and M.I.E. Long. 1967 . The effects of nitrogen, phosphorus, potassium, magnesium and lime in factorial combination on the yields of glasshouse tomatoes. J. Hort. L ate spring frost is the most important limiting factor for peach production in the southeastern U.S.A. Ethrel can increase survival of peach flower buds to late spring frosts by delaying bloom for up to 2 weeks when applied from late fall to early winter (Coston et al., 1986; Crisosto et al., 1990; Dennis, 1976; Sloan and Matta, 1996) . The delay in development is apparently by prolonged endodormancy and delayed flower bud development after rest is completed (Coston et al., 1986; Gianfagna, 1988, 1991; Gianfagna et al., 1986) . Ethrel also increases cold hardiness of peach flower buds (Crisosto et al., 1989; Gianfagna, 1988, 1991) .
Reports have shown that Ethrel also affects harvest date, yield and its components especially fruit weight, but the reports have often been contradictory (Crisosto et al., 1990; Sloan and Matta, 1996) . Ethrel can but does not always delay bloom, which delays early fruit growth. In some reports, Ethrel reduced early cropload by reducing flower bud density, but the phytotoxicity has not been consistent (Crisosto et al., 1989 (Crisosto et al., , 1990 Sloan and Matta, 1996) . Ethrel may increase early cropload by increasing flower bud survival when late spring frosts occur. What is not clear is whether Ethrel's effect on fruit weight at harvest is a secondary effect due to its impact on cropload established earlier in the season. The effect on cropload is important since cropload affects fruit weight at harvest. An additional consideration is that Ethrel may delay physiological maturity of fruit (Funt and Ferree, 1986) , although whether this is true under all conditions is not known.
The compounding effect of Ethrel on cropload and fruit weight at harvest may be more important for early maturing cultivars that have less time for fruit growth to recover than later maturing cultivars. The following study was conducted to determine whether Ethrel applied to delay bloom affects fruit weight and harvest date for the early season cultivar 'Empress' peach that were carefully hand thinned to levels similar to untreated trees. Two hand thinning dates were also included to determine whether earlier hand thinning could compensate for any loss in fruit weight at harvest of Ethrel treated trees.
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torial on the date nearest to full bloom using the General Linear Model of the Statistical Analysis System (SAS Institute, Cary, N.C.). Since there was a significant interaction between Ethrel treatment and year across sampling dates, all data were analyzed by year. Bloom density was analyzed as Ethrel treatment by year factorial designs. Average fruit weight and total cropload were determined across all harvest dates and analyzed as Ethrel treatment by thinning date by year factorial designs. The effect of Ethrel on harvest date was determined using a weighted means average (Stembridge and Gambrell, 1974) . There were five replications (trees) for each Ethrel and thinning treatment combination.
Results and discussion
The interaction between Ethrel treatment and year on bloom stage indicated that the response varied from year to year. Ethrel delayed full bloom in 1994 and 1997, but there was no statistically significant delay in 1995 ( The lack of bloom delay in 1995 was not related to temperature. The average maximum/minimum temperatures the week before full bloom were 66 °F/39 °F (18.7 °C/4.0 °C) in 1994, 70 °F/47 °F (21.0oC/8.4oC) in 1995 and 74 °F/56 °F (23.5 °C/ 13.3 °C) in 1997, respectively. The lack of delay in 1995 may be related to the stage of plant development in November when the trees were sprayed. In 1995, there was significant drought stress from May through August with only 7.9 inches (20.1 cm) of precipitation during that period. The 1995 drought promoted early dormancy as indicated by the extent of autumn leaf abscission. About 90% of the leaves had dropped in 1995 before spraying sprayed, whereas in 1994 and 1997 only 50% of the leaves had dropped before spraying. Crisosto et al. (1989) showed that Ethrel sprayed on trees with 50% leaf drop had greater bloom delay than 100% leaf drop.
Flower bud density was not affected by Ethrel treatment (Table 2) . These results differ from some reports that show that Ethrel applied at these rates reduced bloom density (Crisosto et al., 1990; Gianfagna et al., 1986; Sloan and Matta, 1996) , although others reported no reduction in bloom density at these concentrations (Crisosto et al., 1989; Dennis, 1976; Williams, 1989) .
Cropload was similar across Ethrel and thinning treatments at harvest. Harvest date was not delayed by Ethrel treatment, despite the delay in bloom. Also, average fruit weight and fruit distribution in the various diameter classes (data not shown) were also not affected. These data suggest that at least some of the contradictory effects of Ethrel on yield and harvest date as reported in the literature is due to its effect on cropload. Ethrel can adjust cropload by directly reducing flower bud density, or increasing flower bud density in spring by
Materials and methods
The experiment was conducted in 1994, 1995 and 1997 on the peach cultivar 'Empress' grafted onto 'Lovell' rootstock. The trees were planted in 1985 on a 15 × 20-ft (4.6 × 6.0-m) spacing at the Chilton Area Horticulture Substation in central Alabama. The soil type was a Luverne sandy loam. Except for Ethrel and hand thinning treatments, normal commercial practices were followed.
The experiment was conducted as a randomized complete block, 3 (Ethrel rate) × 2 (hand thinning date) factorial design. There were five blocks and single tree experimental units in each block. Trees were selected for uniformity in canopy volume. Each block consisted of a single row of trees with at least one untreated tree serving as a buffer between treated trees. Ethrel was applied once in mid-November in 1993 mid-November in , 1994 mid-November in , and 1996 ). The rates applied were equivalent to 200 gal/acre (1871 L·ha -1 ). Flowers or fruit were hand thinned in 1994, 1995, and 1997 to a spacing of 6 inches (15 cm) at full bloom or 3 weeks after full bloom.
Five limbs per tree were tagged 12.5 inches (35 cm) from the tip and before bud swell. The stage of flower development was determined for all flower buds on each tagged branch at 4 to 10 day intervals through petal fall. Blooms were rated on a scale of 1 to 6 with 1 = tight bud, 2 = swollen bud, 3 = first pink, 4 = full pink, 5 = open and 6 = petal fall. In 1994 and 1995, flower bud density was calculated as the number of flower buds per centimeter of shoot length. Fruit were harvested based on conversion of the ground color from green to yellow except near the calyx, starting the third week in May. Since the fruit did not ripen uniformly, trees were harvested three to four times at 3-to 5-d intervals. All fruit were sorted by diameter, and weighed and counted in each diameter class at harvest. Since larger fruits were always heavier, fruit weight is used throughout the manuscript to indicate fruit size.
Bloom stage was analyzed as a blocked, Ethrel treatment by year fac- z Bloom stages: 1 = tight bud, 2 = swollen bud, 3 = first pink. NS,*** Nonsignificant at P = 0.05 or significant at P = 0.001.
increasing survival to killing frosts. However, this study demonstrates that fruit weight, yield and harvest date are similar when cropload is carefully adjusted to similar levels for Ethrel treated and control trees.
Since the delay in fruit growth shortly after bloom did not result in smaller fruit at harvest, thinning fruit earlier is not necessary to compensate for any delay in fruit growth by Ethrel even for the early maturing peach 'Empress'. Although Ethrel is not currently labeled for delaying bloom of peaches, it would provide the significant benefits of increasing cold hardiness and delaying bloom without reducing fruit weight at harvest when trees are thinned to proper croploads.
